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importance of cell division during successive stages of the 5-day MLC, the radioactive thymidine was "chased" with 2 ~g cold thymidine after the cells had been exposed for a 24-h interval {Table I). The effectiveness of the chase was assessed by simultaneously adding hot and cold thymidine to cultures. The development of cytotoxic activity was quantitated by a chromium release assay (7) described previously. Briefly, different numbers of sensitized cells were incubated with 105 5~Cr-labeled EL-4 cells for 4 h, spun down at 2,500 rpm, and an aliquot of supernate was removed to assess 5~Cr release. Cytotoxic activity was calculated according to the following formula: s~Cr-labeled MLC cells _s~Cr_labeled unsensitized cells \ %Lysis= ) × 100. ~Cr-labeled freeze-thaw
In these experiments, background release (51Cr-labeled unsensitized) was never greater than 10% of freeze-thaw values.
Total lytic activity generated per culture was determined by multiplying the specific lytic activity of 0.5 × 10 e sensitized cells by the number of aliquots of 0.5 × 106 sensitized cells obtained from each culture.
specific lytic activity × cell yield/culture Total lytic activity = 0.5 × 108.
Results and Discussion
Tempo of Development of Cytotoxic Activity during MLC. The development of cytotoxic activity with time is shown in Fig. 1 . Activity was detectable by 3 days, and increased substantially over the subsequent 2 days of culture. The peak of cytotoxic activity was reached after 5 days of culture, with a falloff over the next 24 h.
The Effect of Hot Thymidine during MLC upon Generation of Cytotoxic Cells. The effect of eliminating dividing cells during successive intervals over the first 5 days of culture upon the development of peak cytotoxic activity (at 120 h ) was examined ( The effects of adding "hot" thymidine at various intervals during a one-way MLC upon the production of cytotoxic activity at the end of 5 days of culture is shown (O). 24 h after the addition of each pulse of hot thymidine, the cultures were "chased" with excess cold thymidine. That the chase was effective is shown by the virtually unimpaired reactivity of cultures simultaneously pulsed with hot and cold thymidine (0). The addition of hot thymidine alone 24 h before MLC stimulation or during the first 24 h of MLC (days 0 and 1) did not impair the development of cytotoxic activity. The addition of hot thymidine during the 2nd, 3rd, and 4th day of MLC culture markedly reduced subsequent cytotoxic activity. The vertical bars denote the limit of one standard error.
antigen (day 0) or over the 1st day of culture did not affect the cytotoxic response on day 5, indicating that (a) cell division during this period was not critical to the development of the cytotoxic response, and (b) the hot thymidine did not exert nonspecific toxic effects. Elimination of dividing cells during the 2nd and 3rd day of mixed cell culture, however, virtually abolished subsequent cytotoxic activity.
Removal of dividing cells on day 4 substantially reduced the subsequent lytic activity, while a hot pulse during the 5th day of culture had no effect upon the subsequent cytotoxic response (Fig. 1) . That the chase by cold thymidine after each 24-h interval was fully effective is shown by the unimpaired activity (compared with untreated cultures) of cells that had received the hot and cold thymidine simultaneously. A summary of the time-course of the division-dependent and division-independent phases of generation of killer activity is shown (Fig. 3) . It should be noted that the substantial rise in cytotoxic activity between the 4th and 5th day of culture shown in Fig. 1 was not susceptible to the effects of the hot thymidine pulse during that period. The finding that the development of killer activity could be abolished by hot thymidine during the 2nd-4th day of culture is formally consistent with one of two interpretations. The first is that all cells necessary for the generation of effector cell activity are activated to divide, take up thymidine, and are "suicided." The second explanation is that although dividing cells are necessary DAY-"HOT PULSE"
Fro. 3. A summary of the effects of thymidine hot pulse on different days of MLC upon the development of cytotoxic activity. Lytic activity (at a 7:1 attacker:target ratio) produced by cells that were hot pulsed at different intervals during MLC (O) is compared to the lytic activity produced by cells that had simultaneously received hot and cold thymidine during the same intervals (O) (for full protocol, see Table 1 ). Vertical bars denote the limit of one standard error.
for the production of cytotoxic activity, they are not cytotoxic precursors but serve only to amplify the differentiation of the latter. This latter possibility was directly tested: Cells depleted of cytotoxic precursor activity, but not MLC activity, after monolayer adsorption were combined with cells that had been suicided by hot thymidine during MLC on day 2 and sensitized in vitro. These mixtures did not produce significant cytotoxic responses after sensitization (Table II) . In sum, these experiments make three points: (a) The inability of hot thymidine pulsing during the 24 h before MLC to affect subsequent generation of cytotoxic activity indicates that precursors of cells that develop cytotoxic activity to mouse alloantigens are primarily long-lived, nondividing T lymphocytes. (b) We have demonstrated that the in vitro generation of cytotoxic activity is dependent upon cell division during a defined, critical period of sensitization occurring 24-72 h after the addition of antigen. Moreover, a subsequent division-independent period of differentiation is also required for full expression of cytotoxic activity. (c) These studies also indicate that cytotoxic precursor activity as well as MLC activity is susceptible to the thymidine hot pulse were then sensitized with C57BL/6-2,500R cells alone or combined with BALB/c cells that had been "hot pulsed" on day 2 of MLC, and washed twice before mixing with nonadherent cells. Lytie activity of these MLC cultures was assessed 5 days later.
technique. In this experiment, the addition of MLC active cells (depleted of cytotoxic precursor activity by monolayer adsorption) to cells that had been depleted of dividing cells during MLC did not restore ability to generate a cytotoxic precursor activity by monolayer adsorption) to cells that had been alloantigens as well as MLC active cells divide to some extent during sensitization, although perhaps at different rates.
